The pulse propagation technique has been useful to determine the dynamic Young's modulus of a wide range of materials. However, the applicability of the sonic technique to internal friction measurements on solids has not been exploited fully. In this report the theoretical and experimental studies on determination of internal friction of solids with the pulse propagation method are described. New instrumentation and a procedure for internal friction measurements are discussed.
Similar relationships exist for a complex com pliance: In these cases,
and the equations (5) and (6) where W is the pulse width, t is the transit time for the pulse, and the subscripts refer to two path lengths. By using equation (13) or (15), the internal friction can be obtained. These analyses conclude that the pulse propagation technique is not only useful to determine the sonic modulus but also the internal friction. The complex modulus also can be determined by the measurement of both pulse velocity and internal friction. T-111
III. EXPERIMENTAL
The pulse propagation instrument was used for experiments in the above analytical development. This instrument consists of pulse generator and transmitter, pulse receiver, timing circuit, Tek tronix 561 oscilloscope, and pulse recording camera. The transducers with round piezoelectric crystals were mounted vertically on the arms of a frame. The flight times of the strain pulses, which were generated by the instrument and traveled over specified sample lengths, were measured on a Tektronix 561 A oscilloscope.
The block diagram of this instrument is shown in Figure 1 . The pulse generator sends a high voltage spike pulse to the transmitting transducer (60 pulses per second) while the pulse-generator simultaneously sends a trigger pulse to the oscillo scope to begin the sweep. A longitudinal mechani cal pulse is transmitted along the test specimen and excites the receiving transducer, at which time the receiving transducer wave form is amplified and displayed on the oscilloscope. The time base of the oscilloscope is then used to read the elapsed time between the start of the trace and the point where the transducer waveform begins as shown in Figure 2 . The pulse transit time and the distance between transducers are factors in determining Figure 6 . The internal friction is deter mined from W and the pass length, d, and acoustic velocity, C, by using equation (13). Table I shows these results of internal friction , sonic velocity and moduli on polymer solids.
The internal friction gives the amount of energy dissipated as heat during the deformation. It is also a good property index. If solid has a rigid molecular structure, the internal friction shows Table I , polyimid (PI), poly etherimide (Ultem), polyethyersulfone (PES), and brominated polyphenylene oxide (BrPPO) show lower internal friction. These polymers have stiff chain molecules in the structure and show high glass transition temperatures.
The determination of the internal friction of materials by using the pulse propagation technique is demonstrated for the first time. The width in time of the first half-wave of the pulse is related to the internal friction of materials . This method will be useful for non-destructive measurement of internal friction and opening new areas of appli-
